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The Process
Overview: NanoIntegris was founded to commercialize a technology for separating carbon nanotubes, graphene, and other nanomaterials by their optical and electronic properties. This technology, developed by the Hersam Research Group at Northwestern University, employs a technique known as density gradient ultracentrifugation (DGU).
How Density Gradient Ultracentrifugation Works Disperse
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CNTs are dispersed in aqueous solution using a combination of surfactants. Different surfactants bind selectively to CNTs of different species, thereby augmenting the effective density difference between them.
The separated CNTs are isolated using established fractionation techniques.
The CNT solution is inserted into a density gradient, and the mixture is centrifuged under a very high relative centrifugal field. During centrifugation, the surfactantencapsulated CNTs migrate to their isopycnic (same density) point in thedensity gradient, resulting in spatial CNT separation.
If desired, the surfactants are removed from the separated nanotubes. The separated SWNTs are then characterized and packaged appropriately for sale. NanoIntegris has achieved over a 10,000x increase in production capacity since 2007. We are working to further increase our output and reduce our costs to serve the needs of our customers and collaborators.
An additional benefit of NanoIntegris' separation technology is that it efficiently removes the metal catalyst and amorphous carbon impurities which occur naturally in asgrown CNTs. Summary: In this study, solutions of 99% pure semiconducting nanotubes were used to fabricate SWNT fieldeffect transistors (FETs) with extrinsic and intrinsic current gain cutoff frequencies of ~15 and ~80 GHz, respectively. Importantly, this study also demonstrates that precise nanotube alignment is not required to achieve excellent performance in highfrequency devices.
99%
80 GHz Field-E ect Transistors produced using High Purity Semiconducting Single-Walled Carbon Nanotubes Summary: This foundational paper established density gradient ultracentrifugation as the technical and commercial solution to the "carbon nanotube polydispersity" problem. It is the most cited paper in the history of Nature Nanotechnology.
Sorting Carbon Nanotubes by Electronic Structure using Density Di erentiation
The following publications highlight the advantages of DGU over competing separation technologies and demonstrate the exemplary performance of DGUsorted nanotubes in several key applications.
Highlight DGU Advantages Publications
Photonic devices-such as saturable absorbers-are used as optical switches, optical amplifier noisesuppressors, optical limiters, and mode lockers for producing ultrashort laser pulses. These devices are widely used for optical communications, spectroscopy, and precision surgery (e.g. medical lasing). Materials which exhibit strong nonlinear electrooptical behaviors are required for most photonic applications. Ideally, these materials should exhibit fast response times, absorb over a broad wavelength range, and exhibit low optical loss. Our IsoNanotubesS are one of a handful of materials in existence which satisfy these property requirements.
Optical Devices
Semiconducting CNTs may prove useful for targeted drug delivery (estimated to become an $80.2B industry by 2014). Anticancer drugs may be delivered more efficaciously and with fewer systemic sideeffects using a "smart" nanotechnology platform than by conventional methods. Smalldiameter semiconducting SWNTs represent one such promising platform, due to their strong absorbance in the socalled therapeutic infrared window (between 7001100 nm, depending on body tissue type).
Drug Delivery and Detection
Highfrequency devices offer great promise for the telecommunications industry. An 80 GHz CNTFET made with semiconducting SWNTs was reported, illustrating the promise of our materials for this application. 
High-Frequency Devices
Chemical sensors are used for many purposes, such as environmental hazard screening, explosives detection, product characterization, and medical testing. The electronic properties of SWNTs can change significantly when gases and biomolecules are adsorbed to their surface. These changes can be detected in resistor, transistor, or capacitor devices. A principle advantage of TFT SWNT sensors in particular is that they respond to analyte surface coverage, as opposed to conventional sensors, which respond to analyte concentration. SWNT TFT sensors are thus wellsuited for detecting chemical weapons agents and explosives, which typically occur in low concentrations in situ. 
Chemical Sensors
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Dr. Nathan Yoder leads R&D and manufacturing for NanoIntegris. Over the last two years, Dr. Yoder has been responsible for a 10,000X increase in production capacity, as well as continued material optimization and new product development. (2003, 2007) . In recognition of his early career accomplishments, he was directly promoted from assistant professor to full professor with tenure in 2006.
Mark Hersam -Co-Founder
In October 2006, Professor Mark Hersam's research group at Northwestern University published a ground breaking paper in Nature Nanotechnology describing a process to sort CNTs by electronic structure. Shortly after publication, the research group was flooded with sample requests from around the world. Professor Hersam identified this opportunity and sought investors and entrepreneurs to commercialize this important technology. NanoIntegris was founded in January 2007.
Three years later, NanoIntegris has dramatically scaled up production capacity and lowered costs to meet broad and growing global demand for high performance nanomaterials. Today, NanoIntegris supplies materials to over 100 organizations ranging from prestigious university research groups to Fortune 100 companies from around the world. Toll Free: +18885485688 Direct: +12163140106 Sales inquiries: sales@nanointegris.com w w w . n a n o i n t e g r i s . c o m
